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SUMM4RY

Thisinvestigationwasconductedtodeterminetheeffectivenessof
thedeoxidationandsfnteringtechniquesby comparingthestrengthsand

$ microstructureofpowder-metallrgyspecimenswiththoseofwroughtspec-
mu imens,todeterminetheeffectofresidual-oxidecontenton thetensile

propertiesofpowder-metallurgyspecimens,andto evaluatedifferentmeth-
odsof obtainingessentiallyoxide-freepowdersby thesedeterminations.

. Thethreemethodsusedto reducethreelotsofoxidizedNichromeV
alloypowderata temperaturerangeof 1800°to 2MCP F consistedof (1)
tumblingthepowderin contactwithhydrogenina rotarytubefurnace,. (2)heatingtheoxidizedpowderincontactwith’sodiumhydrideina hydro-
genatmosphere,and(3)heatingtheoxidizedpowderin contactwith
carbonina hydrogenatmosphere.Allthreereductionmethodswere,in
mostcases,reasonablyeffectiveinloweringtheoxygencontentof as-
receivedpowder.Thereductiontechniqueutilizinghydrogenanda rotary-
tubefurnacegaveslightlybetterresults,asmeasuredby oxygenanalyses,
thantheotherreductionmethodsandwas,by far,themostconvenientto
use.

Severalpowderspecimenshadmechanicalpropertiesandmicrostruc-
ture essentiallyequivalentto thoseofthewroughtspecimens.Ingen-
eral,no correlationexistedbetweenthetensilepropertiesof specimens
andoxidecontent.However,in caseswheretheoxygencontentwasex-
tremelyhigh,thedensitywaslow. Thislowdensitywasprobablyrespon-
sibleforthelowtensilevaluesrecordedforthesespecimens.

INTRODUCTION

FabricationofProductsbyPowder-metaUurgytecww= iS of in-
creasinginterestin-the
criticalneedexistsfor

. hightemperatures.As a

d

field-offlightpropulsion.In thisfielda
materialsabletowithstandlsrgestressesat
result,refractorymaterialssuchasmolybdenum
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niobium,certainoxidesandborides,andcombinationsof ceramicsand
metals(cermets),allofwhichareofpotentialuseatextremelyhigh
temperatures,arebeinginvestigated.Becauseoftherefractorynature
ofmanyof thesematerials,powdermetallurgyoffersthemostpractical
methodoffabrication(althoughmetals,suchasmolybdenumandniobium,
havebeensuccessfu~yarc-meltedandcast).Thismethodalsoprovides
well-knownadvantagessuchaslowmachiningandfinishingcostsaswell
asa methodforfabricatingpartsrequiringcontrolledporosity.

Inthefabricationofhigh-temperaturecomponents,perhapsthemost
1+
K

seriousdisadvantageofpowdermetallurgyisuncontrolledporosityinthe N
finishedproduct.Powder-metallur~partsgenerallyhavestrengthslower
thantheircastorforgedcounterparts,andtheselowstrengthvalues
havebeenattributedtoporosity(ref.1). Formanyroom-temperature
applications,lowerstrengthscanbe tolerated,andfabricationby the
powder-metallurgyprocesswouldbe economical.Ontheotherhand,for
manyhigh-temperatureapplications(suchasuncooledturbinebuckets),
highstrengthsareessential,anduncontrolledvoidsthereforemustbe
eliminated.Successfuleliminationofvoidsandtheobtainingof —
strengthsequivalentto,orbetterthan,thoseofcastmaterialshavebeen n
achievedincertaincasesby theuseofhotcoiningfollowingsintering
(ref.2).

M

Perhapsthegreatestadvantageofthepowder-metallurgyprocess,com-
paredwiththemoreconventionalmethodsoffabrication,isitsuseasa
researchtoolto studythefundamentalpropertiesofalloys.An inter-
estingdiscussionoftheusesisgiveninreference3. Powdermetal-
lurgypermits~eat latitudeinstructuralandcompositionalcontrol.
Forexample,inconventionallycastandforgedmaterials,thestructure
maybe alteredto somedegreeby controllingalloyingelementsandpour-
ingtemperature,by heattreatment,by hotandcoldwork(andthelike).
Inadditiontomostofthesewaysofvaryingstructure,powdermetallurgy
offersa means(unavailableinconventionalmethodsofalloyproduction)
ofvaryingthecomposition,shape,quantity,anddistributionofmicro-
constituentsinalloys.Also,manytypesofnonequilibriumstructures
thatnormallywouldnotappearina castorforgedalloymaybe obtained
whenthesamecil.loyisfabricatedby powder-metallurgyprocedures.By
utilizingpowder-metallurgytechniquestovarystructure,itmaybepos-
sibleto improvethephysicalpropertiesofmanyheat-resistantalloys.
Mostheat-resistantalloysareextremelycomplexandtheirstructures
containa varietyof suchcompoundsas carbidesandintermetalLicsasdis-
persions,networks,or combinationsofthetwo. As inotheralloys,the
microstructuralconfigurationofheat-resistantalloysisknowntoeffect
creepresistanceandstress-rupturestrength(ref.4),butt+hespecific
effectsofdifferentmicroconstituentsandtheirconfigurationsarenot
known.

.

b
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Becauseof itspotentialvalueasa resesrchtool,a preliminary
~wder-metallurgyprogramhasbeeninitiatedat theNACALewislaboratory.
Theover-alJprogramwasdesignedto studytheeffectsofvariationsin
quantityanddistributionofmicroconstituentsonthestrengthproperties
ofvariousheat-resistantalloys.producedby powder-metallurgymethods.
Thepresentreportcoversa preliminaryphaseofworkonthestandard-
izationoftechniquesforproducingessentiallyoxide-freepowdersand
forfabricatingcomponents”fromthem. Thisworkwasconsiderednecessary
since,in subsequentworkinvolvingthecontrolledadditionsofmicro-
constituents,uncontrolledoxideinclusionswouldleadto questionable
results.

Themainobjectiveswerethedeterminationof theeffectivenessof
thedeoxidationandsinteringtechniquesby compsringthestrengthsand
microstructureofpowder-metallurgyspecimenswiththoseofwrought
specimens,thedeterminationof theeffectofresidual-oxidecontenton
thetensilepropertiesofpowder-metallurgyspecimens,andtheevaluation
ofdifferentmethodsofobtainingessentiallyoxide-freepowdersby these
determinations.

OxidizedNichromeV alloypowderfromthreesourceswasdeoxidized
by threedifferentreductionmethods.Thedeoxidizedpowderswerehydro-
staticallypressed,sintered,andhot-swagedintorod. Evaluationofthe
deoxidationmethodswasmadeby meansofroom-temperaturetensiletests,
oxygenanalyses,microstructure,anddensitiesoftheswagedrod.

this

MATEmAIs,A.PWRATUS,ANDEMKmURE

Materials

NichromeValley(80percentNi - 20percentCr)wasselectedfor
investigationbecause:

(1)Itisthebasefora largegroupofhigh-temperaturealloys.

(2)It Isa single-phasealloyhavingnoprecipitation-hardeningor
otherphenomenato complicatetheinterpretationofphysicaltestson
specimensmadefromthispowder.

(3)Theoxidefoundonthesurfaceofthisalloyismainlychromic
oxideCr2~ ornickelmonoxideandchromicoxideNiO ● Cr203(ref.5),
both

.
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ofwhichareadequatefortestsofreductiontechniques.

TwolotsofprealloyedNichromeVpowderwereobtainedfromcommer-
sourcesdesignatedA andB. Oneadditionallotwasproducedatthe
Lewislaboratory,designated”sourceC. A rangeofparticlesizes
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wasobtained,butonly-100meshparticleswereusedin
vestigation.Thetypicalparticle-sizedistributionof
fabricatingspecimensforthisreportwasasfollows:

Meshsize Percent‘-

NACATN 4032

*
thepresentin-
powdersusedin

u

-1ooto+150 16.1

-150to+200 16.4

-200to+270 18.3

-270to+325 11.0“

-325 38.2

CommercialsourceA producedthepowderby disintegratinga molten
streamofthemetalalloywitha high-pressurewaterspray.Powderfrom
sourceB wasproducedby thehydrideprocess,inwhichthepowderedal-
loysaremadedirectlyfromthecorrespondingoxides(ref.6,p. 154).
PowderforlotC wasproducedbypassing3/16-inchNichromeV alloyrods
througha commercialmetall.izinggunthatbums a mixtureofacetylene
andoxygen.Moltenmetalwassprayedfromthenozzleofthegunintoa
flowingwaterbathas shownin figure1.

A filmofoxidewasvisibleonthesurfaceofa12_powders.The
cleanestpowderappearedtobe thatobtainedfromsourceB, whilesource
C powderwasthemostheavilyoxidized.

ApparatusandProcedure

Threereductiontechniques
thepowder;thereducingagents

(1)Purifiedhydrogen

wereusedtoremovetheoxidefilmfrom
were

(2)l-Percentsodiumhydridepluspurifiedhydrogen

(3)l-Percentc=bonpluspurifiedhydrogen

Thehydrogenwaspu-rifiedby passingthrough.apalJadiumcatalystfurnace
at about300°F, anactivated-aluminadryingtower,anda liquid-nitrogen
coldtrap(fig.2). Thepurifiedgashada dewpointof lessthan-1OOOF.

Inthefirstmethod,thepowderwastumbledina rotaryfurnace(fig.
2)wile purifiedhydrogenwaspassedthroughthefurnace.Intheother

.—



NACATN 4032 5

.
methods,thepowderpluseithersodiumhydrideor carbonadditionswas
placedina trayina sand-sealedbox,andpurifiedhydrogenwaspassed

s throughthebox. Inalltechniquesthereductiontemperaturewasbetween
1800°and2150°F, andreductionwasconsideredcompletewhenthepowder
showeda brightmetallicluster.

Aftercleaning,thepowderwasmixedwitha solutionof 0.5-weight-
percentparaffininbenzene.Trialcompactsusingbothl.O-weight-percent
paraffinandnoparaffinwerealsomade;butcompactswithnoparaffinhad
insufficientgreenstrength,whilecompactswithl.O-percentparaffinhad
lowerdensitiesaftersinteringthanweredesirable.Thebenzenewassub-
sequentlyevaporated,leatingthepowderparticlescoatedwitha thinfilm
ofparaffinbinder.

Allcompactsusedinthisinvestigationwerehydrostaticallypressed.
Thepowdersweresealedin4-inch.len@hsof5/8-inch-dismeterrubber
tubing,placedin anoil-filleddiechaniber,andpressedto 25tonsper
squareinchwithno dwellingtimeatpressure.

. Thegreencompactswerethensinteredinvacuum(1to 2 microns)in
a tungsten-woundresistancefurnace.Varioussinteringtimesandtemper-
atureswereinvestigated;themostsatisfactorycombinationoftimesand

* temperatures,determinedfromdensitymeasurements(adensitygreater
than90percentoftheoreticaldensityaftersinteringwasconsidered
satisfactory),was6 hoursat 2400°F. Alldatareportedinthisinves-
tigationwereobtainedfromspecimenssinteredundertheseconditions.

Aftersintering,thespecimensweresealedin evacuatedInconel
tubesandhot-swagedat 2150°F. Theapparentreductioninareawas
about75percent,butpartofthisvaluerepresentstheclosingofvoids
andthedensificationofthecompact.Thetruereductioninareawas
probablyabout60to 65percent.

Followingswaging,theInconeltubesweremechanicallyremovedand
tensilespecimensweremachinedfromtheswagedbars;diametersoftest
specimensrangedfrom0.161to 0.205inch,witha gagelengthof approxi-
mately2 inches.Aftermachining,the.spectienswerestress-reliefan-
nealedinvacuumfor2 hoursat 12CQ”F.

Twentytensilespecimens,representingthethreelotsofpowderand
thethreereductionmethods,weretestedatroomtemperature(table1).
Wroughtbarstockalsowastestedas a basisforcomparison.

Inadditiontotensiletests,densitiesweremeasuredby thewater-
P displacementmethod,andthespecimenswereexaminedmetallographically

foroxideinclusionsandvoids.

*
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Thequantitativeanalysisofoxidecontentwasperformedat commer-
laboratoriesby vacuumfusionandbrominationtechniques.

.—

RESULTSANDDISCUSSION

EvaluationofDeoxidationMethodsby TensileTests

Room-temperaturetensilepropertiesof specimensaretabulatedin
tableI. T&silestrengthofpowder-metallurgyspecimensrangedfrom
83,700to 11.9,600poundspersquareinch.Thespecimensfabricatedfrom

E
R1

powdersproducedby.thehydrideprocess(sourceB) generallyhadgreater
tensilestrengthsthanspecimensfabricatedfrompowdersatomizedby a
waterspray(sourceA) orfrompowdersmadewitha metallizinggun
(sourceC).

Themethodsofdeoxidizingpowdersseemedtobe capableofequalef-
fectiveness.Forexample,thepropertiesof specimensmadefrompowders
deoxidizedby

..

(a)

(b)

(c)

.

Hydrogen”ina retort- specimens2, 7,and8

Sodiunhydrideplushydrogen- specimens9 and10 *

Carbonplushydrogen- specimensU and18

hadnearlyequivalentstrengthsandductilities.Thestrengthsranged
from103,9OQto119,600poundspersquareinch,andtheductilities,as
measuredby reductioninarea,rangedfrom38 to52percent.Forthe
groupshavingthebeststrength(sourceB powder),thehydrogen-reduced
specimensandthehydrogen-plus-sodiun-hydride- reducedspecimenshad
strengthsthatwereapproximatelyequivalent.

Specimens’madeframsourceC powderdeoxidizedwithsodiumhydride
plushydrogen(specimens15,16,and17)hadlowtensilestrengthsof
84,300,84,600,and83,700po~ persquareinch,respectively.The
lowtensilestrengthsofthesespecimensmaybe attributedtotheirlow
densities,whichwereabout94percentoftheoreticaldensity(tableI).

Althoughnoneofthespecimensmadeby thepowder-metallurgymethod
hadstrengthsfullyequivalentto thestrengthofthewroughtmaterial
(125,200and126,200pSi ,-specimens19and20),severalspecimenshad
strengthsthatapproachthesevalues.Forexample,specimens8,9,and
10hadstrengthsrangingfrom117,200to11.9,600poundspersquarefnch.

.

.

.
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EvaluationofDeoxidationMethodsby O~genAnalysis

Theresultsoftheoxygenanalysesby thevacuumfusionandthe
brominationmethodsarepresentedintable11. Itmaybe observedthat
thevacuum-fusionresultshadsomescatter;forexample,threeseparate
analysesof specimen20,whichhadbeenmachinedfroma pieceofwrought
barstock,yieldedoxygencontentsrangingfrom0.0044to 0.054percent.
Sucha scatterseemsunrealisticfora wroughtbarthatpresumablyshould
be chemicallyhomogeneous.Sincetwoofthespecimen-20analysesagree
reasonablywellwhilethethirdanalysisishigherby a factorofabout
ten,thehighvalueis considerederroneousandthereforeisdiscarded.
Thesinglebromination-methodanalysisofthewroughtmaterial(0.034
percent)washigherthanthevaluesobtainedbythevacuumfusionmethod
(withtheexceptionoftheonediscardedvalue).Sincemetalchipsare
analyzedinthebrcauinationmethod,theanalyzedoxygencontentofthe
chipscouldbe higherthantheactualoxygencontentofthebulkmaterial
becauseofpossibleoxidationofthemetilchipsduringmachining.

Inthecasesof specimens3, 11,andX5,abnormallyhighoxygen
contentsmighthaveresultedpartlyfromleaksthatmayhaveoccurredin
theweldedportionoftheInconelsheathsusedinthehot-swagingofthe
specimens.Withtheseexceptions,itappearsthat theoxygencontentsof
thepowder-metallurgyspecimensweregenerallyless(andsometimesappre-
ciablyless)thantheoxygencontentsoftheoriginalpowders.This
trendisevidentinboththebrominationandvacuum-fusionresults.The
oxygenanalysesalsoindicatethat,foreachpowdertypeused(whether
thepowderwasproducedby atomizationwitha waterspray,by thehydride
process,orby atomizationina metallizinggun),thedeoxidationofthe
powdersby hydrogenina tubefurnacewasgenerallymorecompletethan
thedeoxidationby othermethodsinvestigated.

EvaluationofDeoxidationMethodsby DensityMeasurements

Specimendensityandpercentageof theoreticaldensityaretabu-
latedintableI. Thedensitiesofallpowder-metallurgyspecimensare
at least98percentof theoreticaldensitywiththeexceptionofspeci-
mens15j16,and17. Thelowdensity(94percentof theoreticaldensity)
ofthesespecimensmayhavebeencausedlargelyby highoxygencontent
(e.g.,0.99percent,asmeasuredinspecimen15of thislot,(table11)).

EvaluationofDeoxidationMethodsby MetallographicExamination

TypicalmicrostructureofwroughtNicbromeV alloyandpowder-
metallurgyspectiensof thisalloyareshowninfigures3 to 6. Infig-
ures4(a)andS(a)(unreducedsourceA andB powders),thephotomicro-
graphsshowspecimensmadefromunreducedpowdersthathadbeenpressed,
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sintered,andswaged.Itwasnotpossibleto sinter(at24000F for6
hr)unreducedpowdersfromsourceC,andthereforenophotomicrographof
thispowderintheunreducedconditioncouldbe taken.Theinabilityto E
sinterthismaterialisan indicationofitsveryhigho~gen content
(0.49percent).

Comparisonofthephotomicrographofthewroughtmaterial(fig.3)
withotherphotomicrographs(e.g.,figs.4(b),(c),and(d),figs.5(b)
and(c),andfig.6(c))showsthatseveralspecimenshadmicrostructure
comparableto thatofthewroughtmaterial.

ForsourceA andB powders(figs.4 and5),thedeoxidationtreat-
mentsappearedeffectiveinreducingtheoxidecontentof theas-
receivedpowders;forexample,thespecimensmadefromdeoxidizedpow-
dersof eachsource(fig.4(b),(c),and(d)andfigs.5(b),(c),and
(d)) hadfeweroxidesthanspecimensmadefromunreducedpowders(figs.
4(a)and5(a)).

5
IF
N

Metallographicexaminationsindicatethatpowdermadeby atomiza-
tionwitha waterspray(fig.4, sourceA) couldbe morethoroughlyde- .
oxidizedthanpowdersproducedby othermethods(figs.5 and6,sources
B andC),regardlessof thetypeofdeoxidationtreatment.Thisresult
islogicalsinceatomizedpowderhasonlya thinfilmof surfaceoxide L?
(fig.4(a),whilepowdermadeby thehydrideprocess(oxidereduction)
haslargeinternaloxides(fig.5(a)).(Surface-oxidereductionrequires
onlya surfacereaction,whilereductionof internaloxidesinvolvesa
slowerdiffusionprocess.)Althoughdeoxidationwasarbitrarilyconsid-
eredcompletewhenthepowdershoweda brightmetallicluster,neverthe-
lesspowdermadeby thehydrideprocesscouldhavea brightmeta~icsur-
faceafterdeoxidationtreatmentbutstillcontainmanyinternaloxides.
Ontheotherhand,whenatomizedpowdershoweda brightmetallicluster,
mostof itsoxides(surfaceoxides)hadbeenreduced.

Powderproducedinthemetallizinggun(sourceC) containedsurface
oxidessimilEwto thoseonatomizedpowder,buttoa greaterextent;this
powderthereforewasmuchmoredifficultto deoxidizeas completelyas
atomizedpowder.

AlthoughthespecimensmadefromsourceB powder(fig.5) appeared
tohavemoreoxideinclusionsafterdeoxidationthanotherspecimens,
theyneverthelesshadthegreatesttensilestrengths,aspointedout
previously.Thisobservationsuggeststhatinternalorglobularoxides
aregenerallylessham&ulthanoxidesthatformonthesurfaceofthe
powderandappear-asgrain-boundaryoxideswhenthispowderispressed
andsintered. .

c
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SLIMMARYOFRFSU13S

Thisinvestigationwasconductedto evaluatethreemethodsof obtain-
ingessentiallyoxide-freeNichromeV alloypowder.Evaluationwasmade
by meansofoxygenanalyses,tensiletests,andmicrostructureof speci-
mensmadefromdeoxidizedpowders.Theresultsshowthat:

1.Thereductionmethodsinvestigatedwere,inmostcases,reason-
ablyeffectiveinloweringtheoxidecontentofas-receivedpowder.

2.Thereductiontechniqueutilizinghydrogenanda rotating-tube
furnacegaveslightlybetterresults,asmeasuredby oxygenanalyses,
thantheotherreductionmethodsandwas,by far,themostconvenientto
use.

3. Severalpowderspecimenshadmechanicalpropertiesandmicro-
structureessentiallyequivalenttothoseofthewroughttestbars.

4.No consistentrelationshipex~stedbetweenthetensileproperties
of spectiensandtheiroxidecontent,asrevealedby oxygenanalysesand
metallographicstudies.However,s~ecimenshavingextremelyhighoxygen
contentsandlowdensitieshadcorrespondinglylowtensilestrengths.

.

5.Fromthestandpointofmicrostructuralstudies,thegroupof
specimensappearingtohavethegreatestnurriberofoxideinclusionshad
thebesttensilestrengths.Theseinclusionswereglobularinformand
randomlydispersedthroughoutthestructure.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,June3,1957
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TABLEI. - DENSITYANDROOM-TEMPERATURETENSILEPROPERTIES

l-l

;ource SpecimenMethodof UltimateReductionDensity,Theoretical
number reductionstrength,inarea, g/cm3 density,

psi percent percent

A 1 H2 Benton loading
2 H2 103,900 46 8.42 100”.2
3 H2+ NaH 92,500 47 8.40 100.0
4 H2+ NaH 93,000 43 8.40 10Q.O
5 H2+C 92,100 59 8.48 100.9
6 H2+C 90,900 57 8.48 100.9

B 7 H2 lll,5cm 52 8.38 99.7
8 H2 118,600 45 8.38 99.7
9 H2+ NaH 119,600 42 8.35 99.4
10 H2+ NsE 117,2cK) 40 8.36 99.6
u H2+C 104,600 38 8.24 98.1
I_2 H2+C 104,500 22 8.30 98.8

c! 13 H2 96,400 32 8.27 98.4
>4 H2 90,000 30 8.27 98.4
M H2 + NaH 84,300 25 7.93 94.4
16 H2+ NaH 84,600 23 7.94 94.5
17 H2+ NaH 83,700 -- 7.93 94.4
18 H2+C 11.4,000 43 8.34 99.3

rought 19 125,200 57 ---- ----
20 126,200 55 ---- ----



12 NACA.TN 4032

TABLEII.- OXYGENANALYSES
.

Source Specimen Methodof Oxygenby Methodofoxyge]
nuniber reduction weight, determination

percent

A No reductionas- 0.24 Brominati.on
receivedpowder

B Noreduction;as- .385 Vacuumfusion
receivedpowder

B NO reduction;as- .167 Vacuumfusion
receivedpowder

B No reduction;as- .22 Bromination
receivedpowder

c NOreductlonjas- .49 Bromination
receivedpowder

A 1 H2 0.063 Bromination
2 H2 .033 Vacuumfusion
3 H2+ NaH ●347 Vacuumfusion
4 H2+ NaH ----- -------------

5 H2+C .060 Vacuumfusion
6 H2+C ----- -------------

B 7 H2 0.11 Bromination
8 H2 .057 Vacuumfusion
9 H2+ NsX .125 Bromination
10 H2+ NaH .090 Vacuumfusion
St H2+C .50 Vacuumfusion
12 H2+C .278 Vacuumfusion

c 13 H2 0.103 Bromination
14 H2 .197 Vacuumfusion
15 E2+ NaH .99 Vacuumfusion
16 H2+ NaH ----- -------------
17 H2+ NaH ----- -------------
18 H2+C .270 Vacuumfhsion

:olid 19 0.034 Bromination
wrought
rod

20 .0078 Vacuumfusion
(analysis1)

.0044 Vacuumfusion
(analysis2)

.054 Vacuumfusion
(analysis3)
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Figure1.- Powdersprayingapparatus.
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Figure2. - Rotating-tubereductionfurnace.
~WN

. ‘ *



~CA TN 4032 15

,

.

.,,.,,,.,,,”,.,,., m ,-,.. ”.,,-.. .

--- ‘ -\

. . .-
b- ““ “-i”””.”””*
-.---———— ,

,..-.

:.
‘!

●

e-

,,.,.. ... . . .

a.

/
i / C-45063 .

Figure3.- WroughtNichromeV rod,hot-swaged.
Etchant,CarapellalsReagent;X500.
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(b) Deoxidizedwith NaH
plusHz.

(c) Deoxidizedwith C
PIUS Hz.

(a) Deotidlzedvlth~.

E
2 Figure6. - Powder-metallurgyspecimensof Nicbrome 7 alloy. Powder was produce&
& by atomizationof alloy rod with metallizinggun (sourceC). Specimenswere

9“ made from powders In deoxidizedconditionby preesing, aintering,and hot-awagfng.
2 Etchant, Carapella’sReagent; XWX1.
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